Abstract. Due to the use of a large number of power electronic equipment in the power system and the increase of nonlinear load, harmonic power quality problems become more and more complex. As one of the most important contents in the research of power quality, the harmonic of power system attracts more and more attention. This paper expounds the main reasons and the harms of harmonic, and analyses some methods of harmonic detection and control. According to the current research of harmonic control at home and abroad, the main development trend of harmonic control is analyzed.
Introduction
In recent years, with the progress of science and the development of society, a large number of nonlinear devices are widely used in power system. Due to the large number of power electronic devices and nonlinear loads, the power system has more and more harmonics and interharmonics. The harmonic problem of power system has attracted people's attention as early as 1930s. By the year of 60s, HVDC technology has been developed. Since 80s, due to the rapid development of power electronics technology, power electronic devices are widely applied in electric power system. Harmonics has become increasingly serious, so solving the problem of harmonic in power system is very urgent.
The Significance and Causes of the Research on the Harmonic of Power System

Significance of the Study of Power System Harmonics
The harm of harmonics to the power system has aroused people's great attention. In the AC grid, the voltage and current waveforms are distorted due to the operation of many nonlinear electrical equipment. Non sinusoidal wave is usually a periodic electric component. According to Fu Liye series analysis, it can be decomposed into the fundamental component and harmonic component. The harmonic is generally periodic, and Fu Liye analysis is performed on the condition of de Lickley. For the non sinusoidal voltage with harmonic component, it can be expanded to the Fu Liye series as long as the Dirichlet condition is satisfied, as shown in formula (1):
In the formula (1), the right part of the equation can be divided into two categories. One is defined as the fundamental wave, and the other is defined as harmonic. With the increasing attention to the power quality of the users and the power supply departments, the research on the harmonics has become one of the most important directions in the research of power quality. So understanding the harmonic generation mechanism to improve the quality of power supply have important significance. On the research of power system harmonic, harmonic harm is very serious, mainly in the following aspects: (1) the harmonic components in power system produces additional harmonic losses. (2) harmonics affect the normal operation of various electrical equipment. (3) harmonic will cause the malfunction of relay protection device. (4) harmonics can cause interference to neighboring communication systems.
Causes of Power System Harmonic Generation
From the process of power production, the main sources of harmonics are the following 3 aspects: (1) power supply harmonic. The generator is difficult to achieve absolute symmetry in the production of three-phase windings. The generator will produce some harmonics, but in general very little. (2) harmonics generated in transmission and distribution systems. The transformer is the main harmonic source. (3) caused by nonlinear loads. Harmonics generated by rectifier devices account for nearly 40% of all harmonics, which is the largest harmonic source, main sources of harmonics. With the development of society and the improvement of people's living standard, the harmonic pollution on the load side will become more and more serious.
Research Status of Power System Harmonic Detection and Control
Harmonic Detection
Harmonic detection is the basis to solve the harmonic problems. At present, the harmonic detection methods commonly used are: analog filter method, the harmonic detection method based on wavelet transform, the harmonic detection method based on instantaneous reactive power, the harmonic detection method based on Fourier transform, the harmonic detection method based on neural network. Analog filter method is the first harmonic detection method, and the method has higher requirements to circuit components ,so the method is not preferred. The application of wavelet transform in harmonic detection is still in the initial stage, so there are still many imperfect places. Harmonic detection method based on neural network has the following 3 aspects: identification of harmonic sources, harmonic prediction, harmonic measurement. The method of harmonic detection based on instantaneous reactive power theory is commonly used at present, which mainly includes P-Q method, ip-iq method. The two methods can accurately measure the harmonic values of three-phase three wire circuits. Ip-iq method is suitable for wide application, not only in the symmetrical circuit of voltage , but also in the asymmetry circuit of voltage . The P-Q method is suitable for the symmetrical circuit of three-phase three wire, and the measured value has a large error when the power network voltage is unbalanced. Harmonic measurement based on Fu Liye transform is the most widely used method. But when the signal frequency and sampling frequency are inconsistent, this method in the sampling process will produce spectrum leakage effect and fence effect. So the signal parameter measurement is not accurate. It unable to meet accuracy requirements about the measurement. Therefore, we must improve the algorithm, and the current commonly used algorithms are mainly three kinds: digital phase-locked method, modified ideal sampling frequency method, plus window interpolation method.
Harmonic Control
For harmonic control, there are active harmonic control technology and passive harmonic control technology. Current methods exist:
(1) to reduce the harmonic content of harmonic sources. The pulse width modulation method can be used to increase the pulse number of the converter. The basic idea of pulse width modulation method is to control the conversion time about the output waveform of PWM. (2) use a variety of filters to control harmonics. This kind of method is the effective control to the existing harmonic, and it is the most widely used method in the power system. For example, we put the passive filter in parallel to the power system. The harmonic frequency of the LC loop is set on the need to filter the harmonic frequency. Or the active power filter is used to control harmonics, as shown in Figure 1 below According to the circuit topology, the active power filter is divided into series, parallel and hybrid active power filters,as shown in Figure 2 An active filter is used to generate the compensation current which is equal to the amplitude of the harmonic current in the power grid, and the polarity is opposite to the grid. Or we use HAPF to control harmonics. It has the advantages of these two kinds of filters. (3) to prevent the amplification of the shunt capacitor bank. In the presence of harmonics, the capacitor bank will amplify the harmonics under certain parameters. The series reactor can be used to avoid the amplification of the capacitor. (4) use synchronous motor to realize harmonic compensation. (5) add dynamic reactive power compensation device, such as static var compensator and static synchronous compensator. (6) improve power supply environment.
Main Problems in the Study of Power System Harmonics
Study of power system harmonic needs harmonic detection and prediction, deeply studies the compensation current control, DC bus voltage control and other key technologies. The accuracy of harmonic detection is one of the key factors that affect the performance of active power filter. Dynamic response characteristics and compensation accuracy are two indexes to measure the harmonic current detection technology. Firstly, the effects of system delay and the frequency of load changes on the performance of compensation are analyzed. Aiming at the problem of poor response characteristics of dynamic traditional harmonic current detection algorithm, ip-iq method of the instantaneous reactive power theory and P-Q transform method will inevitably introduce low-pass filter, and the low-pass filter will affect the system's dynamic response characteristics of the fast Fourier transform method and other kinds of intelligent algorithm. According to the law of run in the opposite direction to design two optimization parameters, high power APF in the starting process will produce a larger bus current, and bus voltage rising process will be a greater range of fluctuations. The above voltage fluctuation will not only affect the tracking performance of the compensation current, but also can cause the APF to be unable to work normally. Therefore, the way that a fuzzy PI compound control method is adopted to solve the problem that the DC bus current is too large and the voltage fluctuation is intense during the APF startup process. The capacity of active power filter is not enough at present, and the switching frequency cannot achieve the best results. In order to realize the fast current control and improve the compensation effect, the switching frequency is the key. The price of the active power filter is very expensive and function has not been realized the diversification. With the development of active power technology, APF will gradually develop to high power and high frequency.
Conclusions
The development trend of harmonic control is to reduce the harmonic content in the harmonic source, which can effectively control the transmission of power system, and the harm of other devices can also be reduced to the minimum. The filter is used to filter harmonics. The common method is to use active or passive filter separately, but the hybrid active passive filter based on the proposed method can make full use of the advantages of both. For adding dynamic reactive power compensation device, it is a method of harmonic control under certain economic and technical conditions. If we solve the problem of harmonic control, it is best to be suitable for the occasion by the comprehensive utilization of the above methods to the harmonic control.
